Abstract
Introduction

30
Mechanical forces such as touch, vibration and gravity make vital influences on development 31 and homeostasis of living organisms 1, 2 . Animals cope with these stimuli by modifying behavior 32 and thereby achieve physical interactions with environment 3 . The mechanism underlying 33 mechanosensory behavior has been studied at various model organisms from bacteria and 34 archaea to mammals 4, 5 . However, physiological aspects of those behaviors, such as force and 35 duration enough to sense, are not well understood.
36
Mechanosensory behavior in C. elegans is a traditional paradigm in which to examine 37 mechanism underlying a response to mechanical forces [6] [7] [8] . Worms usually respond to . These methods include mechano-clamp 53 using piezo-driven system 13, 14 , surface elongation of a flexible silicone elastomer 15, 16 , and force 54 peer-reviewed) is the author/funder. All rights reserved. No reuse allowed without permission.
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/047431 doi: bioRxiv preprint first posted online Apr. 6, 2016;  application by magnetic particles [17] [18] [19] . In addition to these spatially confined methods, Nikukar 
66
We previously established the tap stimulation system using the cylinder and actuator, 67 because this method was successfully applied to the quantification of tap habituation behavior in 68 other groups 10, 11 . In this system, amplitude of the nonlocalized vibration could be roughly 69 changed, whereas its frequency and duration could not. Therefore, instead of the previous 70 system, we used a piezoelectric speaker to evoke nonlocalized vibration on an agar surface of an 71 NGM plate ( Fig. 1 and 2A ). The NGM plate on which worms were cultivated ( Fig. 1A Step 1) 72 was placed on a circular-shaped actuator of a piezoelectric speaker (Fig. 1A Step 2, and 
89
We used laser interferometry to quantify mechanical stimuli evoked by our piezoelectric 90 speaker system. We played 440 Hz sound (the standard tuning frequency) on a piezoelectric 91 speaker and validated the vibration on the center of an agar surface in a Petri plate (Fig. 3A ).
92
Expectedly, as shown in Fig. Fig 3B, we succeeded in detecting 440 Hz frequency. Therefore,
93
we have changed the vibration frequency on the center of agar surfaces using WaveGene ( 
113
We prepared both untrained and trained worms and quantified their mean reversal 114 distances at 16 hrs after habituation training (Fig. 1A Step 4-5, Fig. 1B, Fig. 3 ). Untrained 115 worms exhibited reversal responses to vibration with 1 kHz of frequency, 4.9 μm of amplitude 116 (computer sound level, 100%) and 1 sec of duration ( Fig. 3A and 3C ). The mean (±SEM) 117 reversal distance of these untrained worms (N = 110) in response to vibration was 1.82 mm 118 (±0.10 mm) (Fig. 3C) . On the other hand, in our previous tapping method, mean reversal 119 distance of worms (N = 98) was 1.07 mm (±0.06 mm) (Fig. 3C) , which was comparable with 120 that reported in the other group's paper 11 . Therefore, these quantifications have indicated that 121 worms stimulated by our new system could exhibit longer reversal distances than those 122 stimulated by the old tapping system.
123
We further examined habituation memory of trained worms (Fig. 3B) . The mean 124 reversal distance of the trained worms (N = 135) in response to vibration was 1.36 mm (±0.09 125 mm). This result revealed that worms trained by our new system showed significantly reduced 126 reversal distance compared with untrained worms (Fig. 3C) . Thus, our new system could clearly 127 induce mechanosensory memory through habituation training.
128
In summary, our system allows for not only quantification of mechanosensory behavior 129 
